INTRODUCTION
We studied the grain size and grain morphology of 86 samples selected from the 670 to 930 meter interval in Hole 397, and 72 samples from the 707 to 1277 meter interval in Hole 397A.
Some samples could not be studied according to the standard program that we have adopted at the Lithological Laboratory of VSEGEI. Insufficient sample material, a high content of fine particles and/or of organic matter and carbonaceous material (both in the cement and in the form of fragments) allowed morphometric analysis of only 70 samples. In 100 samples, the fraction 0.315 to 0.25 mm was too small for meaningful analysis (< 0.15 g).
The results of grain-size analyses (19 fraction sieve) and grain-morphometry analyses (14 fraction) are given in Tables 1 to 4 .
PROGRAM OF GRANULOMETRIC AND MORPHOMETRIC STUDY OF SAMPLES FROM DSDP, LEG 47A

Methods
Preparation of samples for screen analysis (without removal of carbonates) involved eight procedural steps. First, samples were dried in the drying chamber for 5 hours at + 105°C. Second, samples were weighed within an accuracy of 0.01 g. The third step was removal of organic matter and disintegration of rock; the samples were treated with 10 per cent solution of H 2 O 2 for 15 hours with heating up to + 70°C. The samples then were washed with hot water on the filter, until H 2 O 2 was completely removed. The fifth step was grinding the sample with a rubber pestle in a porcelain cup. The next step was removal of particles < 0.01 mm, according to Sabanin's method (Rukhin, 1969) . Drying the samples in the drying chamber for 2 hours at +50°C was the seventh step, followed by weighing within an accuracy of 0.01 grams.
The grain-size analyses involved the following 19 fractions (in mm): > 2.5, 2.5-2.0, 2.0-1.6, 1.6-1. 25, 1.25-1.0, 1.0-0.8, 0.8-0.63, 0.63-0.50, 0.50-0.40, 0.40-0.315, 0.315-0.25, 0.25-0.20, 0.20-0.16, 0.16-0.125, 0.125-0.10, 0.10-0.08, 0.08-0.063, 0.063-0.050, and <0.05 .
The analysis of the 19 fractions listed above was conducted utilizing a set of sieves corresponding to the standard DIN 4188 and an electromagnetic sieving machine "Analysette-3" by A. Fritsch (BRD). The conditions of analysis were dry sieving for 25 minutes with amplitude of 1.5-mm oscillations of an electromagnetic vibrator.
The grain-morphometry analyses employed the methods of Rukhina et al. (1962) and the range of roundness units of Wadell (1933) . The grain-morphometry analyses included the following 14 fractions (in mm): > 0. 490, 0.420, 0.360, 0.310, 0.275, 0.245, 0.220, 0.200, 0.185, 0.171, 0.160, 0.154, 0.151, and < 0.149 .
A vibrational separator K-1780 was used to conduct the 14 fraction morphometric analyses. The analyzed grains ranged from 0.315 to 0.25 mm; analysis time was 10 minutes; and 0.15 grams was the smallest weighed portion included in analyses.
For the purpose of investigating grain size and morphometric characteristics, 19 fraction sieve analysis and 14 fraction morphometric analysis for 59 samples were done twice (i.e., before and after extraction of carbonaceous material). In other samples, grain-size and morphometric attributes were studied only after carbonate extraction. In Tables 1 through 4 , data are given for samples after extraction of carbonaceous material.
The carbonaceous material was removed from the above-listed samples by means of a six-step procedure. First, the samples were treated with a 5 per cent solution of HC1 for 15 hours at 20 °C. Second, samples were washed with hot water on the filters until the HC1 was completely removed. The third step was grinding each samples with a rubber pestle in a porcelain cup. Using Sabanin's method (Rukhin, 1969) , the next step was removal of the particles < 0.01. Fifth, the samples were dried in the drying chamber for two hours at 50 °C; and finally, the samples were weighed within an accuracy of 0.01 g.
For precise genetic definition of the lower and middle Miocenic sandy sediments, a morphoscopic study of the surface of sandy grains was conducted on several samples according to the methods of Cailleux (1972) .
Data Processing
The primary analytical data of grain-size and grainmorphology studies were processed on a "Minsk-32" computer. In programming these data, registration was expressed in grams and normalization in mass per cent. The statistical estimates were calculated as follows:
Mathematical expectation k i=\ [88] [89] [90] [91] [111] [112] [113] [56] [57] [58] [59] [126] [127] [128] [129] [112] [113] [114] [115] [60] [61] [62] [63] [9] [10] [11] [12] [148] [149] [150] [16] [17] [18] [127] [128] [129] [60] [61] [62] [63] [11] [12] [13] [124] [125] [126] [127] [16] [17] [18] [19] 397-75-2, 83-85 397A-32-2, 143-145 397 A-l 8-1, [43] [44] [45] [46] [47] [48] [98] [99] [100] [101] [102] [20] [21] [22] [23] [28] [29] [30] [31] [94] [95] [96] [25] [26] [27] [28] [29] [14] [15] [16] [17] [6] [7] [8] [9] [50] [51] [52] [53] [54] [126] [127] [128] [129] [130] [70] [71] [72] [73] [74] [99] [100] [101] [42] [43] [44] [15] [16] [17] [18] [19] [28] [29] [30] [131] [132] [133] [134] [130] [131] [132] [133] [8] [9] [10] [11] [97] [98] [99] [100] [13] [14] [15] [16] [8] [9] [10] [11] [12] [91] [92] [93] [94] [88] [89] [90] [91] [92] [104] [105] [106] [98] [99] [100] [101] [102] [55] [56] [57] [58] [59] [60] [81] [82] [83] [84] [60] [61] [62] [63] [26] [27] [28] [29] For the grain-size analyses, quartile estimates were calculated for 7 -n per cent quartile (Folk and Ward, 1957 Calculation of statistical estimates for grain-size analysis was conducted on the basis of three scales:
OO-HOO
Logarithmic scale \g X, ; logarithmic scale y (accepted in the USSR), where y = -10 logio X; and logarithmic scale T (accepted in the USA), where £ = -log 2 X. The calculation of statistic estimates in Table 2 was done in the y scale.
RESULTS
The aims of this investigation include a study of lithologic characteristics as well as understanding the genesis of the lower and middle Miocene sandy sediments on the continental slope offshore from the western Sahara Desert.
Periodicity of Sedimentogenesis
Within the stratigraphic studied interval, the cycles of three orders can be distinguished with a certain degree of conventionality (Figure 1) .
On the basis of changes in grain-size composition, third-order symmetrical cycles are clearly distinguished. They reflect the pulsating character of the supply of elastics from the shelf to the continental slope. Each cycle is characterized by successive changes in average size (Ma) of sandy grains and of their standard deviation (σ). A tendency toward an increase of values of these grain-size parameters uphole is observed at the beginning of the cycle. Toward the end of each cycle, there is a tendency toward a decrease in values.
In the lower and middle parts of the third-order cycles, there is no obvious correlation between the average size of clastic grains (Ma) and their sorting (δ). This indirectly indicates an absence of differentiation processes of the clastic grains during their downslope transport as suspension flows (Figure 2, Field II) .
The transport of clastic particles apparently was carried out by rolling and saltation, as well as by suspension. This is one of the most likely explanations of the presence of three subdominant modes reflecting the coarse, medium, and fine fractions on the sediment distribution curves. However, it is possible that the transport of part of the sandy material was not related to processes of sedimentary differentiation. The presence in the coarse-grained fraction of a minor admixture of clastic material, which constitutes the "tail," testifies to the existence of an additional source of clastic material. This material could be supplied by landslides, eolian transport, or igneous activity. Each cycle of the third-order ends in a clayeyaleurite deposit with a minor admixture of well-sorted sandy material. The prevailing particle size (Ma) in these deposits is usually 0.06 to 0.05 mm. The sandy part of the distribution is characterized by clearly defined skewness and high kurtosis values. Stable linear dependence, manifested by improved sorting and a decrease in average size (Figure 2, Field I) , most probably testifies to the differentiation of clastic material during conditions of "progressive" sorting (Swift, 1970) .
In the middle Miocene part of the section, sedimentary cycles of the third order are less clearly defined. The relatively rapid pulsations which determined the periodicity of the third-order cycle were taking place against a background of more prolonged and stable vertical oscillatory crustal movements. These movements were reflected in the alternation of the larger second order cycles, i.e., A, B, and C.
The change in grain-size composition of the lower Miocene deposits within Cycle A reflects a general tendency towards uplift in the source area. In the upper portion of this cycle (870 to 860 m sub-bottom), in addition to the appearance of limestone and dolomite interlayers, a relative increase in sandy material could imply continental slope erosion. In the interval 850 to 845 meters, sand interbeds with distinct features of dynamic processing of clastic material occur (Sample 397-88-4, 60-63 cm). Apparently, at the temporal end of Cycle A, bottom flows existed in the near-slope area. This serves as indirect evidence of proximity of the shelf edge.
The boundary between Cycles A and B is based, on the appearance of the first features of prolonged general subsidence, accompanied by the accumulation of clayey-aleurite and carbonate material. Cycles of the third order in this part of the section become less distinct. This indicates attenuation of pulsating movements, controlled by persistent subsidence of the Earth's crust.
At the boundary between Cycles B and C, a notable revival of pulsating movements is observed. Their manifestations uphole gradually become less distinct. Cycle C ends in a series of predominantly carbonate deposits which were formed under conditions of continuing general subsidence.
The largest lithostratigraphic limits in Hole 397 (Figure 1 ) are confined to the boundaries of Cycles A and B (830 m) and Cycles B and C (757 m). Apparently, the boundary between the lower and the upper Miocene can be confined to one of these limits. The available data are not enough for adequately solving this problem; conditionally, this boundary in Figure 1 is drawn at 757 meters.
Genetic Types of Clastic Material
It has been assumed that the possibility existed of a periodic supply of eolian and volcanogenic material to the foot of the continental slope. In Figure 3A , the distribution of sand grains from Sample 397-72-3, 104-106 cm is given (686 m). To determine the causes of a polymodal distribution of this type, a morphoscopical study of the surface of sand grains was carried out on the basis of the Cailleux (1972) Figures 1 and 2 ) is 40.5 per cent; well-rounded grains of marine origin (Plate 1, Figure 3 ) comprise 18.9 per cent; and angular quartz and feldspar grains of polygenetic origin (Plate 1, Figure 4 ) comprise 21.7 per cent. A quantitative plot of these types of grains, based on morphometric classes, is shown in Figure 3B .
Distribution of eolian material through the section is extremely irregular. In Sample 397-85-3, 116-120 cm, their amount is 11 per cent; in Sample 397-93-2, 130-133 cm, it is < 1 per cent; and in Samples 397A-20-2, 50-54 cm and 397-96-1, 33-39 cm, eolian material is absent.
In some samples confined to the base of the thirdorder cycles, the presence of volcanogenic material was established (Plate 2). In Sample 397-73-2, 100-106 cm (the base of Cycle C-3), the amount of non-rounded euhedral feldspar grains (Plate 2, Figure 2) is 30 per cent. The content of non-rounded amphibole grains with a vesicular surface, extremely characteristic of volcanigenetic particles (Plate 2, Figure 1) , is nearly 1 per cent in this sample.
SUMMARY
As a result of an investigation of the grain-size and grain-morphologic composition of lower and middle Miocene sandy sediments of the continental slope off northwestern Africa, the following were established: 1). A cyclic structure for the lower and middle Miocene deposits is present in Holes 397 and 397A.
2). There is a development of a second-order cyclic recurrence by long-time stable epeirogenic movements, and of third-order cyclic recurrence due to a pulsating supply of clastic material from the shelf to the continental slope.
3) There is heterogeneity of the sandy material, controlled by a periodically increasing supply of eolian and volcanogenic material to the continental slope. Non-rounded feldspar grains with clearly defined roundness (×50).
